THE EVOLUTION OF THE VENTRICULAR SEPTAL DEFECT (VSD) in the first years of life has been the focus of several studies. These have shown that large septal defects are particularly serious during the early years but that spontaneous closure occurs in about one third of all cases. '-5 The development of patients who are older than one year and affected by VSD has not been studied extensively. 6' One is generally astonished by the frequency of VSDs noticed at birth (about two out of 1000 living children) and even at school age (one out of 1000 children) and the rare observation of this abnormality in adults.8-" Late mortality, the possibility of late closure, or transformation into cyanotic diseases (tetralogy of Fallot or the Eisenmenger complex) have been offered as explanations."2 13 In addi-carditis is 3.7% (2.4 for 1000 patient-years). Twenty-five patients died, 15 of them between the ages of one and 39.
Of the 499 cases with several clinical examinations, 71% remained stable. In 21%, changes suggesting some level of closure developed; in 7%, infundibular stenosis began to evolve and in 1% pulmonary vascular disease began to appear or became accentuated.
These different rates are studied and discussed in relation to patients' age, VSD type, and various follow-up characteristics.
tion, a certain number of patients affected by VSD and free of all symptoms may not be recognized or may avoid seeing physicians, and thus escape medical statistics. 3 This study endeavors to give further information about this late evolution. A relatively older population (469 subjects out of 790 were more than four years old when they entered the study) was followed by the same medical team for a long period.
Materials and Methods
This study involves 790 cases of VSD, 272 of which were initially examined as outpatients at the Hopital des Enfants Malades, while 518 of them were examined at a cardiology service of a university hospital (Broussais, La Pitie and Henri Mondor in Paris).
Patients with an associated stenosis of the pulmonary tract (excluding all those with cyanosis) or aortic regurgitation were included in this study, along with patients with isolated VSD. Patients with minor malformations that II   186  25  III  30  4  IV  3  0  220  28  1  463  59  2  85  11  3  14  2   I   302  38   II a   220  28   II b  137  17  III  30  4  IV  101  13   Alive   765  97  Dead  25  3   <1 yr   184  23  1-2  38   5   24  133  17  5-9  239  30  10-14  129  16  15-19   55   7 20-29 12 1 Group II included patients with large VSDs and cardiomegaly with a large left-to-right shunt. An increase of pulmonary arterial pressure was present and classified as either moderate (group Ila), or accentuated (group Ilb) which defined pressure greater than 70% of systemic pressure.
Group III included patients with VSDs with associated pulmonary vascular disease (pulmonary vascular resistances/systemic resistances > 0.70) which reflected high pulmonary hypertension (close to systemic pressure) and reduction of the shunt.
Group IV included patients with VSDs associated with an infundibular or orificial obstruction in the pulmonary outflow tract; in these, a pressure gradient between the right ventricle and the pulmonary artery of at least 25 mm Hg was present which provided protection of the pulmonary circulation.
The grouping of the 790 cases thus established is described ifn represents 38% of the population. Among 89 catheterized group IV VSDs, 32% have a right ventricle-pulmonary artery gradient between 25 and 39 mm Hg; 37%, a gradient between 40 and 69; 31%, a gradient greater than or equal to 70. Ventricular septal defects with associated trisomie 21 were severe. Out of the eight cases observed with this association, five were of group lIb (three of them have been operated on), one of group III, and two of group IV. No trisomie 21 was found in groups I and Ila. A patent ductus arteriosus was in three cases associated with the VSD.
Evolution Functional Behavior
For patients examined at least twice (categories C and D), functional status proved to be remarkably stable, and in nearly all of them, remained excellent or at least, good (table 4) .
Hemodynamic Behavior
For the 499 cases seen at least twice (249 of which had one catheterization, 85 had two, and 14 had three), the majority of VSDs remained stable (355 cases, 71%) (table 5) . They occupy a diagonal on the chart. One hundred and three of the patients (21%) showed evolution toward a closure (area a); 69 (14%) of which closed completely; and 26% had one catheterization and 6% had several. Seven cases seem to evolve toward an increase of pulmonary vascular resistance (area b), five of them ultimately developing the Eisenmenger syndrome. Three of the seven cases of VSD were in group Ilb: the first had three catheterizations, at 14, 16, and 21 years. At these three examinations, pulmonary arterial pressures were respectively 100/40, 100/40, and 140/75 and the pulmonary vascular/systemic resistance ratios were 0.33, 0.50 and 1. The second had hemodynamic studies when he was three and five years old. Pulmonary arterial pressures were 80/40 and 100/50 and resistance ratios were 0.41 and 0.82. The third, whose defect evolved into Eisenmenger's complex, was catheterized at 19 months and 14 years. His pulmonary arterial pressures were 72/32 and 80/40, with calculated resistance ratios of 0.59 and 1.18. At the time of his second examination, peripheral saturation was 83.5%. Such an evolution was never observed in the VSDs in groups I, Ila, or IV.
In 34 patients (7%) an infundibular stenosis evolved (area c). In five of these the stenosis was so severe that a tetralogy of Fallot was produced.
Spontaneous closure was observed; however, this study does not permit any evaluation of its absolute frequency, as one would have had to follow an entire population from birth to death. Nor could a true appraisal of the closure's frequency with age be made from our data: the time elapsed between two successive examinations varied widely and in some the interval was very long and prevented any reasonable estimate of the age when spontaneous closure took place.
The age characteristics of patients with spontaneous closure were looked at. The age at which the defect was last seen open was evaluated (table 6) . This analysis will underestimate the age of closure, but may help in determining the chances a child of a particular age has of spontaneous closure. It appears that the younger the child, the greater his There are three main complications which threaten patients affected by VSD: aortic regurgitation, bacterial endocarditis, and congestive heart failure. The first two are exceptional in infancy. Heart failure is peculiar to infants, and when it occurs later it is usually secondary to either aortic regurgitation or bacterial endocarditis or both.
Aortic regurgitation was found in 50 cases. The cause of aortic regurgitation was thought to be bacterial endocarditis in five cases, streptococcic infection in four cases (three acute rheumatic fevers and one scarlet fever), and probably prolapse of the right anterior aortic valve (Laubry-Pezzi syndrome) in 38 cases. In three cases, the origin could not be determined accurately.
The time of occurrence of aortic regurgitation can easily be determined in cases of endocarditis and streptococcic infection. In other cases the best estimate is the interval between an examination in which no diastolic murmur was observed and the one in which the murmur is noted for the first time. The accuracy of this method of dating depends on the quality and frequency of the examinations. In many of our cases, the VSD was complicated by an aortic regurgitation at our first examination. For the 38 cases regarded as Laubry-Pezzi syndromes (table 7) , the age at which aortic regurgitation was first diagnosed was used. For 35 of these 38, aortic regurgitation was present at the first examination.
The population of each age group represents the number of patients actually examined in this age group, with the exception of those known as already having been affected by this complication.
Bacterial endocarditis ( The incidence of congestive heart failure appears to be higher when an ASD is associated with VSD: heart failure was thus observed in nine cases out of 49, four of them before the age of one. We observed no instances of heart failure before one year old in patients in hemodynamic group III.
Mortality
Table 11 shows the assessment of the 25 deceased, according to the VSD hemodynamic group, the age at death, and the complications that could have affected the VSD.
Discussion
Certain characteristics of the population must be kept in mind in interpreting our results: these include the low percentage of infants; the relatively high percentage of adolescent and adult patients, which distinguishes this study from many others; the fact that the spontaneous course was interrupted by surgery in part of our population; the special orientation of the Hopital Broussais, where a great number of patients coming from the provinces and abroad were hospitalized because of the gravity of their condition and the hope of being improved by surgery; the observation period, extending over ten years for nearly 200 patients and exceeding 20 years in 12 cases; the different frequency of examination from one patient to another; the low number of repeated catheterizations. The foregoing comments point up the weaknesses of this study and all similar attempts. The generalizations drawn in this discussion must be made with prudence.
Aortic Regurgitation
Fifty cases (6.3%) of VSDs studied here were complicated by aortic regurgitation during the course of their evolution; that is, an incidence of 4.3 for 1000 patient-years. The figure of 6.3% is close to those of Nadas (5%)13 and Plauth (6.6%).ls
In a few of the cases the origin of the complication could not be determined and in others aortic regurgitation was present at the first examination. Within these limitations of our data, we can say that aortic regurgitation is never found before the age of two, is only rarely observed between two and four years old, and that its incidence is greatest in children between the ages of 5 and 9. This corroborates the data of Halloran'9 (selective age: 6 years old), Plauth'5 (between 4 and 7) and Nadas"3 (between 3 and 8).
Aortic regurgitation worsens the patients' condition in three-quarters of all cases. Bacterial endocarditis (3 cases) and congestive heart failure (10 cases) are possible complications. The mortality rate of these patients is 12% (six cases). Nevertheless, the remaining 25% of cases were remarkably stable based on follow-ups of 4 to 18 years, the mean follow-up for the 50 cases being 7.5 years.
Bacterial Endocarditis
Twenty-nine cases ( The occurrence of bacterial endocarditis seems more frequent in the VSDs of groups I and IV (table 10), possibly because these were not surgically treated and thus the patients had been exposed to the risk for a longer period of time. Johnson23 argues that patients with small VSDs are at higher risk than others. We found that patients with VSDs complicated by aortic regurgitation are more at risk than the others (three out of 50 cases).
The prognosis of bacterial endocarditis is appraised in various ways. 24 In this study, with a mean follow-up of 7.5 years, the prognosis appears poor. Death ensued in four cases (three of which were VSDs with aortic regurgitation and one was in hemodynamic group III), and the condition worsened in 50% of all cases. The unfavorable course may be influenced by the treatment some of these patients received. Many of our cases (18) occurred more than ten years ago, before advanced antibiotic regimens had been developed. The prognosis is probably better now, at least for those cases that do not develop subsequent to surgery.
Five cases of bacterial endocarditis were observed in patients who had had operations. One child was operated on for repair of VSD and correction of aortic regurgitation which needed insertion of a Starr prosthesis. Three of the others were of group Ila and one of group IV. The bacterial endocarditis occurred five months, 15 months, 18 months, and three years after operation. One of these children had a postoperative catheterization with normal findings; two other children had no murmur at all and were considered as having a normal heart. The last had a 2/6 systolic murmur. One of these five children died following the endocarditis. We have no recorded cases of bacterial endocarditis following spontaneous closure.
Congestive Heart Failure Three distinct categories of patients may be distinguished according to age. Under the age of one, congestive heart failure is frequent and complicates nearly all the patients with large shunts (group Ilb). It is seldom observed in those of group Ila and almost always spares those of groups I, III and IV (table 10). The incidence varies greatly at this age from one study to another, according to the population of different types of VSD included therein. 25 The calculated rate in our work (43 for 1000 patient-years) is certainly underestimated, considering our recruitment. In children who survive, congestive heart failure has a tendency to disappear about the age of two and does not compromise any subsequent prognosis.
Between one to 39 years of age we observed 45 cases of congestive heart failure, or a calculated rate of 4.1 for 1000 patient-years. In this age bracket, heart failure is generally observed in VSDs which had been complicated by bacterial endocarditis, aortic regurgitation (10 cases) or rheumatic fever (one case). The prognosis is poorer in patients who develop heart failure. Twelve percent of the patients died. Beyond the age of 40, we observed five patients with heart failure out of 26 patients. Many of these patients came to be examined -and thus entered the study -only because they had manifestations of cardiac failure. Four of these five patients were over 40 when they came for their first consultation.
Mortality
Mortality rate is difficult to assess within the terms of this study for two reasons. 1) The majority of patients entered the study only after the age of one. Most of those children who died in their first year are excluded. 2) Two hundred and twenty-two of our patients had been operated on. A certain number of these (in particular VSD Ilb) would perhaps have died had they not had any surgery.
Twenty-five deaths (3%) were registered: three occurred before the age of one and seven after the age of 40. Six of these seven patients were followed for a short period and were only hospitalized in view of their serious condition. Among the 15 deaths that occurred between the ages of one and 39, five were not attributable to VSD (three were accidental, one secondary to encephalitis, and one to a renal disease).
Of the ten deaths possibly related to cardiopathy, seven involved VSDs with bacterial endocarditis and/or aortic regurgitation, one VSD I with paroxysmal arrhythmias (deceased at 33), and two VSD Ilb (deceased at 17 and 25 years of age).
All investigators emphasize the low mortality of patients with VSDs once their first birthday has been reached. Campbell9 (with a population with large VSDs) found 21 per 1000; Kachaner26: 7.6; Keith21: 6.9; and Mitchell3: 10.5. We find a slightly higher figure -19 for 1000 -for the one-to-40 age group.
Spontaneous Closure
The spontaneous closure is one of the most exciting aspects of the natural history of ventricular septal defect. All data in the literature point to its frequency, which had been underestimated27' 28 for a long time. However, this frequency varies greatly from one study to another, depending on the population-age studied, criteria for inclusion in the patient population, follow-up period, and the percentage of different types of VSD. In our experience, VSDs in groups I, Ila or IV do not worsen because of increasing pulmonary pressure and resistances, a finding corroborated in the literature (Keith, 197 1) . 21 In VSD III, pulmonary resistances can increase to the point of reversing their shunt, thus becoming Eisenmenger syndromes. We observed this in four patients with VSD III. This finding does not contribute to clinical decisions about these patients as this type of VSD contraindicates any surgery.
The VSD patients in hemodynamic group Ilb do not follow a clear pattern."' 32 Out of the 82 cases in this group, we observed only three whose clinical features suggest that pulmonary resistances increased. One of those developed into an inversion of the shunt. In the studied population, therefore, this unfortunate possibility is rare: below 4% for the VSDs Ilb as a whole and 10% of the 32 cases followed up for more than five years. Campbell9 found such an evolution more frequently -19 out of 43 cases -followed for an average of six years. Keith" found that 22% of the infants with characteristics that correspond approximately to our group Ilb developed Eisenmenger's syndrome.
The relative scarcity in our study of an evolution toward increased pulmonary resistance can be explained by the fact that most of the VSD lIb cases were operated at a fairly young age. The statistics would have been quite different if these cases had been allowed to evolve over a longer period.
Stenosis of the Pulmonary Tract
Infundibular, orificial or mixed, stenosis of the pulmonary tract was found associated with VSD in 13% of our cases at the first examination. Increasing the pressures in the right ventricle, it diminishes the shunt through the VSD and so tends to "protect the lungs."" Of the 499 cases followed, 7% moved into hemodynamic group IV: 23 of the 133 VSDs in hemodynamic group Ila and six from the hemodynamic group Ilb. Moreover, the ratio of VSDs in group IV increases with age: it is 21% in the group over 30 years of age whereas it is rare in childhood. Kachaner"6 finds only 6% of group IV VSDs in 341 infants. However, Rudolph only rarely encountered infants with no measurable pressure difference who then went on to develop significant muscle hypertrophy of the outflow region. '4 Once present, infundibular stenosis may increase. Repeated catheterizations in several of our patients show that the degree of infundibular stenosis may increase with age. In five cases (1% of all followed cases), the development of infundibular stenosis was sufficient to reverse the shunt through the VSD, producing cyanosis and a clinical picture close to, if not identical with tetralogy of Fallot. Two of these cases were in VSD group JIb (2.5% of the 82 cases of this group) and three were VSD group IV (6% of the 42 cases of the group).
Conclusion
The characteristics of the studied population and those of the survey allow the appraisal of the spontaneous evolution of VSDs between the ages of one and 40. The prognosis, on the whole, is excellent. In ten patients with VSD, it is possible to project that seven will remain stable, two will have a tendency to close their VSD, and one will develop infundibular stenosis. The evolution toward a pulmonary vascular disease is observed only in some cases of VSD with large left-to-right shunts and pulmonary hypertension (VSD group Ilb).
Death is rarely caused by isolated VSD. Mortality is usually linked to associated complications such as aortic regurgitation and/or bacterial endocarditis. The possibility that these complications may develop justifies a close observation of patients affected by VSD and constant care to avoid or cure any infection.
Only patients with VSDs with associated high pulmonary hypertension and large left-to-right shunts and those complicated by recent aortic regurgitation require surgery. In our opinion, the great majority of patients with VSDs who live beyond one year of age will not need operations.
It is quite clear that the decreased number of VSDs in adults is not the consequence of persons with this defect having died in childhood. It is highly probable that spontaneous closure occurs in many persons born with this defect.
